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Abstract 
At present, computer-aided Electron Back Scat-
tering Pattern (EBSP) analysis often requires large 
amounts of operator time if statistically reliable 
measurements are needed. This paper presents ways to 
automatically detect and localize bands in EBSPs and 
thereby enable fully automatic EBSP analysis. The main 
focus will be on a procedure using a modified Hough 
transform by which more than 12 bands in a typical 
EBSP can be detected and localized. This procedure 
seems as effective and reliable for extracting the bands 
of EBSPs as any human operator. The performance of 
this procedure is compared with that of other image 
processing procedures. 
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Introduction 
With knowledge of the location of bands in elec-
tron backscatter diffraction patterns (EBSPs) it is possi-
ble to measure lattice orientations of individual grains 
(Dingley et al., 1987; Venables et al., 1976; Young and 
Lytton, 1972). Until now the location of bands has re-
quired the time and attention of an operator. Since some 
applications of the EBSP technique need lattice orienta-
tions from thousands of grains it is of great interest to 
eliminate the need of an operator by locating the EBSP-
bands automatically. 
This paper presents a method based on the Hough 
transform (Hough, 1962) by which information about the 
location of bands in EBSPs can be extracted. This meth-
od enables the detection and localization of more than 12 
bands with high precision in a typical EBSP obtained 
with our equipment (a JEOL 840 SEM and a CCD very-
low-light camera mounted in the side port). One feature 
of the method is that it requires very little preprocessing 
of the image because it exploits the fact that the EBSP-
bands have higher intensities than the background. An-
other feature of the method is that no a priori informa-
tion about the expected bandwidths is needed. The out-
put information is simply the position of the center lines 
of EBSP bands. 
The performance of this procedure is compared 
with the performance of procedures using the traditional 
Hough transform and the Burns algorithm (Burns et al., 
1986) used by Wright and Adams (1991). 
Preprocessing of the EBSP Image 
A sample of an EBSP image with a resolution of 
480x512 pixels is given in Fig. I. EBSP images contain 
a significant amount of background noise and variation 
in the background intensity level. This background can 
be approximated for a given sample by the image obtain-
ed with the electron beam scanning over several dif-
ferent crystallites. This background image B(x,y) is 
subtracted from the original image I(x,y): 
I 1(x,y) = l(x,y) - B(x,y) (1) 
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Fig. 1. EBSP image obtained from commercially pure aluminium. [480x512 pixels]. 
Fig. 2. Image obtained by first subtracting a background image (average from many different crystallites). Then an 
400x400 image is taken from the center and the resolution is reduced by averaging over 4x4 pixel blocks. Finally a 
low pass filtered version of the image is subtracted. [lO0xlO0 pixels]. 
Fig. 3. Illustration of the so-called normal parameterization of straight lines. A line is specified by the angle 0 of 
its normal and its algebraic distance p from the origin. 
Fig. 4. Sinusoidal curves in Hough space (parameter space) corresponding to the three collinear points in Fig. 3. The 
common intersection point corresponds to the parameters of the line on which these three points lie. 
From the center of I 1(x,y) a 400x400 image is extracted. 
This image is subsequently reduced to a lO0xlO0 image 
12 by averaging over 4x4 pixel blocks. This is done to 
reduce computational costs and does not seem to reduce 
the amount of (essential) information in the image. In 
many cases the 12 image still has some background inten-
sity variation. This is due to the fact that the back-
ground intensity in EBSPs varies somewhat from one 
grain to another. To reduce this variation in background 
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intensity a low pass filtered version of 12 is created by 
first reducing 12 to a 20x20 image by averaging over 5x5 
pixel blocks and secondly by enlarging this image to 
lO0xlO0 pixels using bilinear interpolation (Rosenfeld 
and Kak, 1982). This is a relatively easy way to create 
a heavily low pass filtered (i.e., blurred) version of an 
image. This low pass filtered image is then subtracted 
from 12 : 
Image Processing of EBSPs 
Fig, 6 
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Fig. 5. The Hough space after transformation of the image of Fig. 2. Peaks in Hough space correspond to lines in 
the image plane. [180xl80 pixels]. 
Fig. 6. Butterfly-mask designed for enhancement of peaks in Hough space (13xl3 elements). 
Fig. 7. The result of filtering Hough space (Fig. 5.) using the butterfly-mask of Fig. 6. Notice the enhancement of 
peaks. [180x 180 pixels]. 
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The 13 image corresponding to Fig. 1 is given in Fig. 2. 
The Hough Transform for Line Detection 
The Hough transform (Hough, 1962; Duda and 
Hart, 1972; Ballard and Brown, 1982) provides a tech-
nique for deriving the parameters of a straight line. It 
has been widely discussed in the literature, including 
theoretical aspects and efficient hard- and software im-
plementations (for a survey see Illingworth and Kittler, 
1988). The Hough transform extracts global lines and 
gives good results in the presence of noise. This makes 
it an obvious choice for extracting bands in EBSPs. 
The set of lines in the picture plane constitutes a 
two-parameter family. In the context of the Hough 
transform the so-called normal parameterization is the 
one most often preferred: 
x cos0 + y sin0 = p, 0 € [O; 1r] p € [-R; R] (3) 
This parameterization specifies a straight line by the 
angle 0 of its normal and its algebraic distance p from 
the origin (Fig. 3). R is the distance from the origin to 
the corners of the image. The advantage of this parame-
terization when compared with the traditional slope-
intersect parameterization is that the parameters are 
bounded. 
A quantization of the parameter space (or Hough 
space, Fig. 4) is introduced and used as an accumulator 
array H(0,p) when performing the Hough transformation 
on the image I(x,y): 
For each pixel (x;,Y;): 
Add J(x;,Y;) to all cells in H(0,p) along the curve 
p = x; cos0 + Y; sin0 (4) 
In this way all points in the image plane (x;,Y;) are 
transformed to sinusoidal curves (4) in Hough space. A 
point in Hough space (0;,P;) corresponds to a unique 
straight line in the image plane. It is easy to show that 
collinear point in the image plane will be transformed to 
curves intersecting in a common point in Hough space 
corresponding to the parameters of the line on which 
they lie. The Hough transform thus converts the diffi-
cult problem of detecting global lines into a more easily 
solved problem of detecting peaks in parameter space. 
The Hough transform can be interpreted as the 
end product of a process of accumulating "votes" in 
H(0,p) from all pixels in the input image. Each pixel 
(x;,Y;) gives I(x;,Y;) votes to all possible lines in the 
image passing through (x;,Y;) since the parameters of 
these lines are determined from the curve (4). Points in 
Hough space receiving high counts of votes are likely to 
correspond to lines in the image plane. 
The Hough transform is usually applied to binary 
images obtained by using a threshold value on the gradi-
ent of the original image. In this case only pixels having 
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the value 1 (potential line points with high gradient 
values) need to be considered. Because the edges of 
EBSP bands are very unsharp, traditional edge detection 
schemes (Rosenfeld and Kak, 1982) are not very suc-
cessful. Instead of using a tresholded gradient image as 
input to the Hough transform we simply use the graytone 
image I3(x,y) as input. This way we exploit the fact that 
the bands in EBSPs have higher intensity than the back-
ground. The intensity of each pixel Iix;,Y;) is used as 
a measure of evidence for a line passing through the 
pixel. The only problem with this approach is that the 
width of the EBSP bands results in a spreading of the 
corresponding peaks in Hough space. 
The result of Hough transforming the image of 
Fig. 2 is given in Fig. 5. We found that a quantization 
of the Hough space in 18Oxl8O cells gave good results. 
The next step of the process is to locate the peaks 
in Hough space. Several authors have considered the 
spreading of peaks that occurs in Hough space (Van 
Veen and Groen, 1981; Leavers and Boyce, 1987). 
They have shown that all peaks have a characteristic but-
terfly-like shape and have derived formulas specifying 
peak spread in the p-direction. This spreading is direct-
ly proportional to line width. Inspired by Leavers and 
Boyce (1987) we designed a mask (Fig. 6) appropriate to 
detect and enhance peaks corresponding to bands of av-
erage size. Ideally one should use different masks for 
enhancing peaks corresponding to bands of different 
widths. We found that the mask of Fig. 6 was a com-
promise leading to good results. The result of applying 
this 13xl3 convolution mask to the image of Fig. 5 is 
given in Fig. 7. 
In the next step of the procedure local maxima of 
the filtered Hough space are found by a simple search al-
gorithm. The maxima are ordered according to peak in-
tensity and transformed into lines in the image plane. 
The resulting lines are given in Fig. 8. 
The last step of the procedure adjusts the detected 
bands by exploiting the fact that we (a priori) know that 
some bands must intersect in a common point (corre-
sponding to poles). Bands that almost intersect in a 
common point are grouped together. These groups natu-
rally consist of at least three bands and the group con-
taining the most bands is considered first. The problem 
of finding the optimal intersection point (xint,Yint) of the 
bands (0;,P;) in a group can be considered as the problem 
of fitting a sinusoidal curve (3) to the points (0;,P;). 
This is a simple linear curve fitting problem which we 
solve using the weighted least squares method. The 
weights we use w; are the intensities of the correspond-
ing peaks (maxima) in the filtered Hough space. Finally 
we adjust the bands in a group by projecting the corre-
sponding points (0;,P;) on to the fitted curve ((3) with 
(x,y) = (xint>Yini)). After adjusting the bands of the 
group with the most bands we proceed to the group with 
the next most bands and so on. When a band is encoun-
tered that has already been adjusted in a former step of 
the process we fix the band by the two points that it 
must go through. 
Image Processing of EBSPs 
Fig. 8. The resulting lines after localizing local maxima in the filtered Hough space (Fig. 7). [400x400 pixels]. 
Fig. 9. The resulting lines after localizing local maxima in the filtered Hough space (Fig. 7) and exploiting that some 
bands must intersect in common poles. [400x400 pixels]. 
Fig. 10. Lines found by the traditional Hough transform. [400x400 pixels]. 
Fig. 11. Line segments found by the Burns algorithm. [400x400 pixels]. 
This band fitting scheme improves the accuracy of 
the location of weak and broad bands. The result of the 
process is illustrated in Fig. 9. Notice that the resulting 
lines are drawn upon the 11 image (400x400) to illustrate 
location accuracy. 
Alternative Methods 
An obvious alternative to the procedure given 
above is to concentrate on locating the edges of the 
EBSP bands. Edge detection is a well established field 
in image processing (Rosenfeld and Kak, 1982) and nu-
merous methods have been proposed. The traditional 
methods are based on calculating the intensity gradient 
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of the image and following this by peak detection. We 
tested a more refined approach to edge detection pro-
posed by Deriche (1987). This edge detection method is 
optimal according to some criteria for effective edge 
detection and localization. 
Edge detectors only give a local measure of the 
probability of a pixel being part of an edge. One way to 
extend this local edge information into global edge infor-
mation is to threshold the edge detected image and apply 
the Hough transform (this is the standard way of using 
the Hough transform). Using this approach we obtained 
very poor results. Instead, we tried using the output of 
the edge detector directly as input to the Hough trans-
form. As in the procedure described above we filtered 
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Hough space to enhance peaks but this time used the 
mask proposed by Leavers and Boyce (1987): 
0 -2 0 
1 2 1 
0 -2 0 
Using this approach we were able to locate about 5 
bands. The result is given in Fig. 10. This procedure 
is able to extract information about band width and is 
just as time consuming as the procedure (kscribed 
above. 
Another way to extend local edge information into 
more global edges is to use local orientation informa-
tion. This is done by the Burns algorithm (Burns et al., 
1986) that was used for EBSPs by Wright and Adams 
(1991). This algorithm first estimates local gradient 
orientation by using the result of convolving the image 
with two masks sensitive to edges in the x and y direc-
tion. Gradient orientation is then coarsely quantized 
into a set of ranges ("buckets") which serve as pixel 
labels. Adjacent pixels having identical bucket labels 
are grouped into so-called line support regions and a line 
is fitted to each region. The result of applying the Burns 
algorithm to the image I3 is given in Fig. 11. Our ver-
sion of the Burns algorithm is similar to the one used by 
Wright and Adams (1991). From Fig. 11 it is easy to 
see that some postprocessing is needed to extract the 
location of the bands. Wright and Adams ( 1991) have 
proposed some postprocessing steps that lead to good re-
sults. Some of these steps need a priori information 
about the minimum and maximum theoretical bandwidth 
that can be expected for the bands in the EBSP. 
Results 
We tested the procedure described in the section The 
Hough Transform for Line Detection on 25 patterns 
obtained from fully recrystallized commercially pure 
aluminium (99.4 % ) with an average grain size of 25 µm. 
As the procedure is supposed to substitute the work of 
an operator its reliability and accuracy are simply judged 
by the human eye. We found that the image processing 
procedure enabled the detection of 12 to 16 bands with 
an average of 14. The procedure actually seemed able 
to compete with the human eye in the ability to detect 
bands. In some cases bands were detected that could not 
actually be seen by the eye but should be there (accord-
ing to pattern simulations). Furthermore the accuracy of 
the locations of bands seemed as good as one could ex-
pect from the work of any operator. 
Using a HP-9000/750 computer the bands of a 
pattern can be located in approximately 6 seconds. On 
a 80486 33 MHz personal computer (PC) the 
calculations are performed in about 40 seconds. 
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Summary 
This paper has presented a procedure for extract-
ing the bands of EBSPs that seems as effective and relia-
ble for this job as any human operator. The procedure 
requires no a priori information about the sample in 
question and is relatively simple to implement. Further-
more the parameters of the procedure need only to be 
adjusted once and are not sensitive to different samples. 
Another advantage of the method is that it is insensitive 
to bands corresponding to higher order reflections. 
The next step is of course to use the detected lines 
as input to an EBSP analysis procedure like the one de-
scribed by Juul Jensen and Schmidt (1990). This proce-
dure is able to simulate an EBSP pattern using the input 
of at least 2 bands. Using for instance 3 bands as input 
the first simulation will be correct for 80 % of the 
EBSPs. By using the remaining 9-13 bands identified by 
the image processing procedure it is a simple task to 
check if a simulation is correct. We are currently work-
ing on combining the image processing procedure with 
the EBSP analysis procedure in a sensible way. This 
will lead to a fully automatic EBSP analysis procedure. 
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Discussion with Reviewers 
S. Wright: In Figures 5 and 7 it is clear that some of 
the peaks are not due directly to the diffraction bands 
but due to artifacts in the Hough transform (because a 
square image is used). How do you distinguish the true 
peaks arising from bands in the diffraction patterns with 
those peaks that are simply artifacts of the Hough 
transform. 
Authors: The presence of the artifacts you mention are 
not really a consequence of the fact that we use a square 
image, but the location and appearance of the artifacts 
are. It is more accurate to say that the artifacts are a 
consequence of the finite size of the image. These arti-
facts are most clearly seen if the Hough transformation 
is applied to a uniform image (all pixels having the same 
value or color) in which case the result will not be a 
uniform Hough space. The reason for this is really quite 
obvious: A cell in the quantized Hough space corre-
sponds to a line in the input image and this cell will only 
receive contributions to the total count of that cell from 
points in the image lying on the corresponding line. 
Since the input image will always be finite the number 
of points that contribute to a given cell in Hough space 
will always vary according to the length of that part of 
the line that falls inside the image. The artifacts in 
Hough space are therefore easily described for a given 
shape of the image (the retina). For each cell in Hough 
space it is straight forward to calculate the length of that 
part of the corresponding line that falls inside the given 
image. By dividing the total count in each cell in Hough 
space by the calculated length of the corresponding line 
(inside the image) the artifacts are eliminated. 
This procedure was tested but we concluded that 
it did not improve the results. This is because the subse-
quent filtering of Hough space removes most of these 
artifacts. The only artifacts that remains after the fil-
tering can be seen in Fig. 7 at points corresponding to 0 
= 0°, 90°, 180° and p = ±50. Since the input image 
is square and of size lO0xlO0 pixels these artificial 
peaks correspond to the borderlines of the image. In the 
process of peak detection we simply ignore peaks around 
these special points in Hough space. 
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S. Wright: How does the quality of the EBSPs affect 
the ability of the algorithm to correctly identify the 
diffraction bands. 
Authors: Our experience has indicated that the algo-
rithm is very robust especially to noise (randomly dis-
tributed, spatially) and to blurring of the EBSP. The 
contrast between bands and background seems to be the 
most important factor for the effectiveness of the algo-
rithm but quantified results are needed to support these 
observations. In general, we have found that the algo-
rithm is able to compete with the human eye in the 
ability to detect and localize bands in EBSPs. 
